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\NI=AK LINKS WITHIN A Bi2Sr2Ca1Cu@X SINGLE CRYSTAL BY MAGNETIZATION AND DIRECT OPTICAL
OBSERVATIONS

J. 0. WILLIS*, N. NAKAMURA, S. GOTOH+. K. TAKAMUKU, N. KOSHIZUKA and S. TANAKA

Superconductivity Research Laboratory, ISTEC, 10-13 Shinonome 1-chome, Koto-ku, Tokyo, 135 JAPAN

We have performed magnetic susceptibility and direct optics! High Contrast Magnetic Flux (H ICOM)
observations on a single crystal of BiPSr2Cal Cu20X. Low temperature pinning and high temperature flux
creep have been observed by HICOM. The results suggest that the breakdown of flux pinning may occur
gradually with temperature and may exhibit spatial variation related to sample inhomogeneities.

1. INTRODUCTION

The understanding of magnetic flux pinning, of

flux creep, and of the completed breakdown of pin-

ning at the irreversibility temperature Tirr far below

the superconducting transition temperature TC in Bi

cuprate-based superconductors is important both

for the fundamental mechanism of superconductivity

and for practical applications. Therefore, we have

investigated these properties in a stngle crystal of

Bi22Sr1,8Ca1Cu20x (Bi2212) by magnetization and

by a direct optical method, wtllch permits the

acquisition of the spatial variation of magnetic flux.

2. EXPERIMENTAL

Single crystals of Bip,2Srl 8CaICup~x (U12212)

were grown by a traveling solvent floatlng zone

(TSFZ) technique that IS descrlbod elsewhero~.

The crystal oxamlrl?d in this work was

[approxlmatoly 1,6 x 1,3 x ().03 mm, thu Idrqo

surfaco being parallel to tho ab piano,

Magnetic susceptibility measurements wore car-

rlod out In a Quantum Design Modol MPMS SQIJID

tnagnotomotor with tho rnagnotlc flold orlt~rltod

along tho crystallographic c axis,

The high contrast observation rnothod for t]lil~-

notic flux donsitys (HICOM) oplIcally monitors tho

flux distribution In a superconductor by observing

changes In the polarlzahon of the domains in a fer-

romagnetic rare-earth Iron garnet !ilm placed in

contact with the sample.

3, RESULTS

The susceptibility results as measured at 10 Oa

SI1OWa Tc onset at 87 K and a =40°/0 Meissner vol-

ume fraction, Magnetic hysteresis is large below

10K, but decreases rapidly and vanishes above

30K, Tha magnetic relaxation data at 10K (not fully

penetrated bv flux at 1760 Oe) and 15K data show a

logarithmic decay; the data for 20K and 25K start off

logarithmically, but then change to a slower time

dependence. The magnellzatlon at 30K, we be-

lieve, has already decayed slgnlficantty by the time

the first data point was taken, and is thus already In

the long tlm~ Ilmlt This bohawor has been reported

by Xu et al for 13i2223 Rccauso of tho very rapid

relaxatmn at this rel:ltlvoly high ternporature, It is

also possible that tho sampto IS never really In the

critical state as has boon recently analyzud by

Griossofl”$,

Figuro I sI1ow:; i~ pho!oqrilph of ttlo t{lCOM im

age of Iht crystal zero flold coolod to l!)K after

which a flold of t 760 (.)o }1:]s boon iirolid and
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Figure 1
HICOM ~holograph of the Bi2212 crystal at 15K.
The sample was ZFC, then H was increased to
1760 Oe and decreased to O before photography.

removed, II is clear that the flux penetration is not

uniform and in fact reflects variations in the pinning

strength in the crystal, Figure 2 is an aralysis of the

data of Fig, 1 and additional data showing Ihe iield

distribution across the sample as a function o{ time.

Although :he number of data points as a function 01

time is small, in general, a rapid initial relaxation

decays to some Iong-lerm value that is a strong

function of the initial value,

4. DISCUSSION

We can compare the mlaxaticm moasuremonts

by magnetization and HiCOM and tind qualitative

agreemen!, What is clear from the HICOM data is

that the breakdown of flux pinning is nonuniform

over the area of the crystal, Effectively, there is a

range of TIrr within this c~slal. From our work it is

not yet clear whether tnis is a general featuro of

812212 or specific 10 this sample. }iowevor, ii is

likely that Ior any crystal, as the av~rage “rlrr is ilp-

proachod, variations in pinning will bu ilc~u[ll~la[ti[i,

and that a slate like thnt shown in Fig, t will rosull,

5. CONCLUSIONS

We hmva obammtwlvnrintlnnn in ninninn mtranmlh
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Figure 2
Magnetic flux B VS,time for several points across Ihe
face of the Bi2212 crystal from top to bottom, These
data were taken from HICOM pictures,

within a Bi2212 single crystal, and have monitored

flux creep in this material by a direct obsewation

technique. It is suggested that atter this inihal work,

the HICOM technique may be able to isolate areas

of relatively strong and weak pinning, and that these

areas may be examined further by other techniques

to determine the source ot the weaknesses with a

goal of improving the properties of Ibis material.
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